Solid-liquid equilibria are less considered in inorganic thermochemistry, comparatively to the other two types of phase equilibria involving vapour and/or liquid phases. The great majority of the relevant models, particularly for the calculation of the activity coefficient, concern these last two cases, although their use is extended to handle the solid-liquid equilibria. The first part of the present work concerns an experimental study for the determination of the liquid -solid phase equilibrium diagrams, for various binary systems such as salicylic acid in water, ethanol and chloroform, and naphthalene in phenol, by the means of Differential Scanning Calorimetry. The second part consists of a modeling of these phase equilibria by means of various thermodynamic models such as NRTL, UNIFAC which are also tested for binary systems such as naphthalene in organic solvents. The use of these models requires interaction parameter values which are not always available. Therefore, this work was an opportunity to compute these parameters for the different systems considered. The results obtained experimentally and by modeling, concerning the phase diagrams showed a good agreement, particularly for the NRTL model, compared to UNIFAC which is based on the concept of group contribution and thus is approximate.
INTRODUCTION
In any design problem concerning separation equipment, the knowledge of the phase equilibria data is an essential step. The experimental measurement of such data is a complex task and therefore the use of thermodynamic models for its prediction is very important. This has encouraged the present study, by considering liquid-solid systems. Binary systems were considered to determine, experimentally, the variation of the solute solubility in the solvent, with temperature. Generally, the techniques of solubility determination of a solute in a solvent are relatively simple. However they require a great care, due to the difficulty to reach a complete state of equilibrium of the solid in the liquid solution. Therefore it is necessary to maintain an intimate and prolonged contact between both phases. As a second part of this work, the modeling of the solidliquid equilibria obtained as well as the solubility of naphthalene in various organic solvents was performed using different thermodynamic models such as NRTL and UNIFAC.
EXPERIMENTAL
The present experimental study concerns measurements of liquid-solid phase equilibria for binary systems, by means of the differential scanning calorimetry technique, using a SETARAM DSC92 calorimeter.
Chemicals
The different solvents (99% purity) such as ethanol and phenol as well as the solutes such as naphthalene and salicylic acid, used in the present study, were provided by Fluka, Switzerland. Water was bi-distilled locally using a GFL 2001/4 distillation unit.
Experimental procedure
Solution samples were prepared in a jacketed glass beaker using tap water to keep a constant temperature. The solutions were magnetically agitated at constant speed of 200 rpm for 30 minutes, to ensure good mixing of the dissolved solid and the liquid solvent. The solutions were then decanted and sufficient time is allowed for their solidification. Solid samples were then encapsulated in standard aluminium sealed pans with a pierced cover lids, ready for DSC analyses. The reference pan, used for each experiment, was empty and identical to the one used on the measuring side. Temperature scans were conducted over the temperature range from 273 K to 473 K with an average heating rate q = 1 K min -1 and a precision of ± 0.01K. This experimental procedure was repeated twice for each considered chemical system to ensure reproducibility of the results. All investigated samples had a mass of 23.4 mg. Temperature calibration was made using three reference standards, indium, zinc and lead.
The obtained deviations are negligible and may be due essentially to the solvent evaporation as well as to the titration method.
The experimental determination of the solubilities is performed by means of the thermal analysis using the DSC technique with an estimated precision on molar fraction of ±10 -4 . As an illustration a typical thermogram obtained for the calibration of the apparatus using Indium, is shown by the following figure: - The left peak of heat flow versus time curve corresponds to melting (heating phase) whereas the right one characterises the recrystallisation of the sample.
In the literature the reported indium onset temperature for melting is generally around 156.6 and 157.6°C, for a melting enthalpy lying between -26.8 and -30.2 J/g [1] . Therefore the results shown in Table 1 are in these ranges and mean values are considered throughout this study.
SOLID-EQUILIBRIA MODELING
At a fixed temperature and pressure, the solid-liquid equilibrium is conditioned by the isofugacity criterion. For a given constituent A, this condition is expressed as follows:
with S and L denoting the solid and liquid states, respectively, xA the molar fraction of constituent A, JA the activity coefficient and fA, pure the fugacity of pure constituent in each phase. This leads to the following solubility equation:
J
Where Ttp and H ' tp are the temperature and the enthalpy at the triple point respectively, and
represent the differences in heat capacity and volume for the liquid with the solid. However it is usual in the great majority of cases to neglect the effects of pressure and the variation of the heat capacity on the solubility and to consider safely the fusion temperature instead of the triple point which is generally not known for many constituents. These assumptions lead to the following general solubility equation:
Therefore reliable thermodynamic models are needed for the calculation of the activity coefficient, where the well known ones, namely UNIFAC and NRTL are tested in the present work. Briefly they are described as follows:
NRTL (Non Random Two Liquids) model
This model was originally proposed by Renon and Prausnitz [2] . It is mainly based on the introduction of the local composition concept with the hypothesis of a non random molecular distribution, similarly to the propositions put forward by Wilson [3] and Scott [4] . According to this model, the activity coefficient for a constituent i is expressed as follows: the surface area and volume fractions, respectively, ri and qi are the molecular volume and surface area, respectively and can be calculated as follows : 
RESULTS AND DISCUSSION
The results obtained both experimentally and by modelling of solid-liquid equilibria are presented for the various systems considered as follows: Figure 2 shows the thermogram obtained by means of the DSC 92 for the salicylic acid, from which the obtained melting temperature and enthalpy are 434 K and 23.83 kJ/mole, respectively. The melting temperature is close to 432 K, the reported value in the literature [7] , whereas the melting enthalpy value is of the same order of magnitude of reported results in the same source [7] . The The experimental results obtained from the DSC measurements, in the present study, follow the same trend as experimental values reported in the literature [11] . For this case UNIFAC seems to give the best results, close to both sets of experimental values, whereas the NRTL model gives the closest eutectic point value as shown by the following table: 
Solubility of Salicylic acid in Ethanol, Water and Chloroform

CONCLUSION
In conclusion, for the considered systems it can be affirmed that the thermodynamic models used have shown to be reliable in predicting solid-liquid equilibria for various systems. However, they can be refined further by calculating updated interaction parameters by considering more systems.
